Background: Complications post percutaneous coronary interventions (PCI) are more threatening than it was previously thought so that necessary measures should be taken to minimize those risks. Objective: To identify the risk factors related to patient and procedure which could be used as predictors of complications after sheath removal post PCI. Methods: The study used a prospective non-experimental correlational descriptive. Design: The sample was chosen conveniently from three different hospitals and included 118 patients who were subjected to PCI. Results: Three models were used to predict complications. In the first model, none of the baseline variables were predictive of complications. In the second model, the only type of procedure (diagnostic, stent or balloon) was predictive of complications. In the third model, compression time was found to be a risk factor and a predictor of complications after sheath removal. Conclusion: Nurses and medical professionals are in a vital position to prevent, detect and manage PCI complications at the earliest possible opportunity. It is a must to assess and categorize patients in accordance with their risk level to develop post PCI and post sheath removal complications, in order to plan management strategies to decrease the health costs and the suffering.
Introduction
In recent years, percutaneous coronary interventions (PCI) have been frequently associated with different cardiac cases as a diagnostic and intervention procedure in cardiology in Jordan. Reaching homeostasis following PCI is a serious step in patient stability & recovery [1] . PCI is also called coronary angioplasty, which is a non-surgical intervention usually done by a cardiologist to manage the conical coronary artery branches of the heart. This narrowing usually results from the presence of cholesterol plaques [2] . Restoring arterial blood flow to the heart tissue occurs after removing or opening the blocked (stenotic) segment of coronary arteries; as a consequence of this procedure, chest pain/angina, myocardial infarction (MI) and death could be prevented [3] [4] .
Nurses play a critical role in PCI by monitoring vital signs, the sheath entrance site, peripheral pulses, capillary refill and chest pain [5] [6] . All these observations are done while maintaining a patient's sufficient periods of rest, providing required perfusions of drugs, and monitoring the patient for their amounts of fluid intake and output [7] .
Following the procedure, most patients are discharged successfully without any complications within 24 hours [7] . However, some patients experience life-threatening complications which can turn their recovery into a disaster. These complications require nurses to use critical assessment skills, anticipate and detect any vascular problem and manage the appropriate interventions [8] [9] . Although PCI is, in general, a safe procedure, we cannot ignore the occurrence of serious complications: bleeding, hematoma, pseudoaneurysm, and arterial occlusion, which range from 1% -14% in reported studies [7] [8] . Also, chest pain/angina, dysrhythmia and hypotension are common complications following sheath removal [10] . These complications may lead to an increase in a patient's hospital length of stay (LOS), cost, more morbidities (e.g. MI), and even mortality [10] .
Several studies investigated the risk factors that anticipate specific vascular complications. The most common reported factors were: age, sex, body weight [10] - [12] . Furthermore, the presence of chronic illnesses and the types of drugs administered during the procedure might raise the risk of vascular complications [12] [13] .
Recent studies have offered evidence that bleeding, post PCI, is more dangerous than previously believed, and it is, therefore, necessary for all health care providers to take all measures to decrease it [8] [10] [14] - [16] . In a study of 10,974 PCI patients, it was mentioned that bleeding was a significant predictor of in-hospital mortality, even one year after discharge [17] . Hematoma too is considered a significant complication, even if of small size, because they delay full recovery of the patient, causing pain and discomfort [18] [19] . Additionally, pseudoaneurysm of the femoral artery carries a significant risk of morbidity and mortality [20] . The incidence of femoral artery pseudoaneurysm, after a therapeutic procedure, ranges from 0.7% to 6.25% [20] . Some studies suggested that gender could be a predictor of PCI complications. In a retrospective study of 3508 patients, they found that both female gender and low body weights are independent predictors of hematoma formation, post PCI [21] .
Sheath dwelling time of five hours was statistically not a significant predictor of bleeding but dwelling equal to, or more than, seven hours was a significant predictor of PCI complications [22] .
All the previous studies were conducted in western countries, none in Arabic locations. Determining the predictors of PCI complications can help screen and reinforce the standards of care that can prevent, or minimize, the occurrence of these complications [14] . Therefore, the main aim of our study was to identify the risk factors related to patient and procedure, as predictors of complications after sheath removal, post transfemoral percutaneous coronary angioplasty.
Method

Sample
The sample was a convenience sample of 118 patients who experienced transfemoral percutaneous coronary procedures at three hospitals in Jordan (Alesraa, Islamic and Jordan University hospital). Participants were excluded from the study if they were hemodynamically unstable after PCI.
Design
A prospective, non-experimental correlational descriptive study design, with comparative procedure, was used to investigate relationships between variables of patients who encountered complications after sheath removal post transfemoral percutaneous coronary procedures, and those of the 118 patients who did not.
Ethical Consideration
Ethical approval was obtained from the three settings where the study was conducted. Consent forms were obtained from participants who agreed to participate in the current study. The participant's rights were confirmed.
Data Collection Procedure
After approval was granted by the institutions mentioned above, the researchers contacted the heads of the patient units and health of catheterization units to receive their permission to conduct the study. The patients who met the inclusion criteria were recruited as participants. A cover letter, with an information sheet and reply envelop, was then sent to them. Patients who were interested in this study contacted the researchers who answered their questions, confirmed their rights (confidentiality, privacy, freedom to withdraw etc.) and gave their consent to be included in the current study. All data were collected by the researchers through observation of the patients and the review of their medical files, and then the relevant data were recorded on a data collection form. Data were collected at the baseline of the study, during (intra) and post the procedure.
Instrument
The collection form was developed by the researchers, reviewed by a cardiologist, a statistician, and senior staff nurses; slight modifications were made as a result. The questionnaire was developed to include three subgroups of factors related to sheath removal complications after transfemoral PCI: 1) Baseline variables were the first subset; the variables were the patient's age, weight, height, gender, and hematocrit level at time of hospital admission and preexisting comorbid condition (diabetes, hypertension, thrombocytopenia, and renal failure). 2) Intra-procedural variables made up the second subset of variables; they include types of procedure, the length of PCI procedure in minutes, type and units of heparin used during the procedure, use of glycoprotein IIb/IIIa inhibitors, the size of the femoral sheath and final systolic and diastolic blood pressure levels.
3) The third subset was (post-procedural variables), which included sheath indwelling time, the length of compression and hours of bed rest after sheath removal and assessment of specific complications related to sheath removal after transfemoral PCI (hematoma, bleeding, Pseudoaneurysm, dysrhythmia, hypotension, and arterial occlusion).
Data Analysis
Data was analyzed using the statistical package for the social sciences (SPSS), version (20) . Descriptive analyses were used to describe the demographical characteristics of the participants; mean and standard deviation was used for continuous variables (e.g. age, height, weight, length of procedure per minutes); frequency and percent were used for categorical variables (e.g. gender, type of procedure, type of heparin). A chi-squared test was used to explore the relationship between two categorical variables. Additionally, an independent t-test was employed to determine if there is any difference between the two groups of patients (patient with complications and patients without complications). Logistic regression was used to predict the probability that dependent variables (complications) would occur after sheath removal post transfemoral PCI.
Results
Baseline variables for the two groups in the study: PCI patients with and without complications are shown in Table 1 . The mean age of patients with complications was 59.85, comparing to 57.72 in patients without complications. Most of the participants were male (70%), with diabetes as a pre-existing co-morbid condition. There were no significant differences between two groups in their baseline characteristics. Table 2 summarizes intra-procedural variables. The two groups of patients differed significantly only in the use of glycoprotein ΙΙb/ΙΙΙa inhibitor (χ 2 = 5.42; P = 0.04). Table 3 summarizes post-procedural variables. The 2 groups of patients differed significantly in length time of compression (t = 3.42; P = 0.002). A patient who developed complications received shorter compression times.
Complications were experienced by 29 (24.6%) of the 118 patients, and these are summarized in Table 4 as follows: hematoma (44.8 %), hypotension (41.4%), bleeding (24.1%) and dysrhythmia (13.8%). Major complications such as Pseudoaneurysm and loss of distal pulse did not occur. It should be noted that some patients suffered from more than one complication.
Three models were designed and examined to predict complications ( Table 5 ). The first model tested the 6 baseline variables characteristic of the 2 groups undergoing PCI, known to be predictive of complications (age, gender, years, height, weight, hematocrit level, and preexisting comorbid condition). None of these variables were found to be predictors of complications. The second model tested 9 intra-procedural variables (type of procedure, length of procedure, type of heparin used, units of heparin used, and glycoprotein ΙΙb/ΙΙΙa inhibitors, the size of femoral sheath, the length of PCI procedure, systolic blood pressure, and diastolic blood pressure). Only types of procedure were found to be an accurate predictor of complications; the procedures being diagnostic, stent or Balloon.
The third model tested 3 post-procedural variables (sheath indwelling time, the length of compression time, and bed rest after sheath removal); the length of compression time was found to be a predictor of complications.
Discussion
The goal of this study was to ascertain if specific variables were predictive of whether complications would develop after sheath removal, post transfemoral PCI among Jordanian patients.
Removal of the Sheath and care of the patient following PCI are considered as the responsibilities of critical care nurses. Vascular complications were found in 24.6% (29/118) of patients; a ratio similar to other reported studies [23] [24] .
In this study, three models were used to predict complications. In the first model, none of the baseline variables were predictive of complications. In the second model, we tested intra-procedural variables; only types of procedure (diagnostic, stent orballoon) were predictive of complications. Of the third model, the length of compression time was found to be a risk factor; patients who developed complications received shorter compression times. These findings may rational by the hand and arm of the nurse may fatigue during the procedure which may lead to fluctuations in the pressure applied to the femoral artery. Also, it was noted that compression times vary from one nurse to another. When a complication, such as a hematoma developed, nurses increase the com-pression time; this makes it difficult to assess the true significance and effect of the compression time variable. To compensate for these complications, it is recommended to employ a compression time of between 15 to 20 minutes, together with adequate compression force to the femoral artery. It is also advised to consider the use of other methods of arterial vascular closure devices [24] [25] . Hamner et al. (2005) [26] , found lower hematocrit levels and previous use of a closure device, were predictors of complications developed after placement of a closure device, following transfemoral PCI. Also, Dangas et al. (2001) [27] found that the use of arteriotomy closure devices was associated with a higher complication rate compared with manual compression. In our settings only manual compression was used to achieve hemostasis. Furthermore, sheath size was recognized as the most important independent predictor of femoral bleeding after PCI [28] .
The current study's results are consistence with Sari et al. (2015) [29] who reported a significant negative correlation between vascular complications and diameter of the common femoral artery, and external iliac artery. Positive correlations were identified between diabetes, sheath to femoral artery ratio, procedure time, and discharge; findings that were consistent with Lange et al. (2012) [30] .
Mieghem et al. (2012) [31] found that female gender and larger sheath size were associated with major vascular complications and also that combined life-threatening/disabling or major bleedings related to transfemoral transcatheter aortic valve implantation.
Limitations
The patient sample was chosen by using a convenience sampling method; however, we selected patients from multi-settings to enhance the generalizability of our findings. Because this study did not incorporate a long-term follow-up assessment in its design, long-term complications like lumen narrowing and local infection was not assessed. Also, some variables, like the effect of restraining extremities were not examined; future research is therefore recommended to consider these variables.
Conclusions and Recommendations
PCIs continue to be seen as an important method for the treatment of heart diseases and acute coronary syndromes. A multidisciplinary approach to protocol development is needed to reduce the incidence of complications. Evidence of the potential risk from this treatment provides an important base for cost-benefit studies relating to advantages of managing and predicting complications.
Finally, nursing staff and medical professionals are in a vital position to detect, prevent and manage complications at the earliest possible juncture. Nurse and health care professionals should assess patients for high risk of complications, and plan management strategies to decrease those complications.
